Polar functional groups in the A-and D-ring (positions C-3 and C-17) 
INTRODUCTION
It is well known that steroids play an important biological role. They represent constituents of biomembranes and hormones, fulfil protective functions and stimulate plant growth. Many representatives of this group are widely used in medicine. Medicinal chemistry of steroids covers a large and interesting series of structures and biological activeties (1) (2) (3) . The addition of heterocyclic rings to steroids often leads to a change of their physiological activity and the appearance of new interesting pharmacological and biological properties (4), especially antiinflammatory (5), antineoplastic (6) and antiandrogenic activity (7) . Nitrogen-containing steroid derivatives are common clinical drugs in cancer chemotherapy (8, 9) . Androgens are male steroid hormones which have a wide-range of important physiological functions, including central involvement in the development of male sex characteristics and other phenotypes (10) (11) (12) . Anti-androgens are a diverse class of drugs which can compete with circulating androgens for binding sites on androgen receptors within prostate cells, leading to targeted apoptosis and inhibition of androgen-dependent prostate cancer growth (12) .
In our previous papers (13, 14), we described the synthesis of some 17α-picolyl and 17-picolinylidene androstane derivatives and their antiaromatase and antitumor activities. Inhibition of aromatase is an important approach for reducing growth-stimulatory effects of estrogens. Effective aromatase inhibitors have been developed as therapeutic agents for controlling estrogen-dependent breast cancer (15) .
One of the structural elements that contribute to the stimulation of the androgenic effect of steroids is 3-keto group. Most of the highly active synthetic androgens are  4 -3-ketosteroids. For example, potent androgens with conjugated double bonds extending from rings A and B to C are very flat molecules and bind to the androgen receptor firmly. All polar functions were suggested to be involved in hydrogen bond contacts with the receptor. The influence of the distinct groups in steroid molecule on proton acceptor capability of C-3 carbonyl group may be partially explained by the "long-range effects" of substituent groups that can be rationalized by conformational transmission, inductive effects, and "through-space" electrostatic effects (16) .
We have investigated the solvent effects in 13 organic solvents on the infrared spectra of carbonyl band ν(C=O) of 17-hydroxy-17α-picolyl-androst-4-en-3-one (3, Scheme 1), which was determined as potent aromatase inhibitor (13) . The objective was to investigate the solvent effects of the carbonyl-containing steroid in single solvents, to probe into the mechanism of the solute-solvent interactions which would be beneficial to the synthesis or chemical analysis of them in solution, and make a conclusion on the practical application of different solvent parameters. Several empirical parameters have been used in this work to get a better insight into the nature of carbonyl group interactions of 17α-picolyl derivative 3.
The Kirkwood-Bauer-Magat (KBM) equation has been used often in studies of the IR carbonyl vibration shifts, but it is not satisfactory for polar solvents. The deviations from the KBM equation have been attributed to the formation of molecular complexes. The KBM equation have been modified and improved by a number of authors. In this study us was made of the extended Buckingham Equation (17):
where n represents the refractivity index and є is the dielectric constant. DOVDEThe Gutman's acceptor number (AN) was proposed in Equation [2] (18) as a quantitative empirical parameter of solvent electrophilicity based on the 31 P NMR chemical shifts of triethylphosphine oxide in different solvent. [2] where  is the vibration frequency of carbonyl band in pure solvent and   is the regression value of  in a reference solvent. The solvent parameters of the Kamlet-Taft solvatochromic relationship (19, 20) measure separately the hydrogen bond donor acidity (α), hydrogen bond acceptor basicity (β), and dipolarity/polarizability (π*) properties of solvents as contributing to the overall solvent polarity,  is a polarizability correction term for polychlorinated aliphatic and aromatic solvents (Equation [3] ).
[3]
The magnitudes of regression coefficients (a, b, d, s) describe the relative contributions of the indicated parameters.
EXPERIMENTAL
All solvents were obtained from commercial sources (Aldrich, Fluka, Merck, > 97%) and were redistilled prior to use. A main limitation in the choice of solvents was insufficient solubility of the tested compound. Infrared absorbtion spectra (2000-1600 cm -1 ) have been obtained using Thermo-Nicolet Nexus 670 instrument equipped with a DTGS detector. For all spectra, 50 scans recorded and averaged with resolution of 2 cm -1 for each spectrum. The concentrations of 17-hydroxy-17-picolyl-androst-4-en-3-one (3) in pure solvents were between 0.006 and 0.008 mol dm -3 . Samples were placed in 0.057 and 0.116 mm path length NaCl cells and the measurements were performed at 298 K. The reported frequencies were reproducible within 0.2 cm -1 . The IR spectra of pure solvents were recorded under the same conditions and were stored on computer. The ThermoNicolet Omnic software version 6.0 was used for all manipulations of spectral data.
RESULTS AND DISCUSSION
The investigated compound 3 was prepared by the addition of -picolyllithium to the 17-oxo group of dehydroepiandrosterone (1), followed by the Oppenauer oxidation of compound 2, affording a 17-hydroxy-17-picolyl-androst-4-en-3-one (3, Scheme 1) (13). The observed frequencies of the ν(C=O) of 17α-picolyl androst-4-en-3-one in 13 different organic solvents and the solvent parameters are presented in Table 1 . The plot of the ν(C=O) versus (ε-1/2ε+1) and the (n 2 -1/2n 2 +1) of the Buckingham equation is shown in Figure 1 Based on the data from the table and Figure 1 it can be seen that a poor correlation was obtained with the modified KBM, Buckingham equation. This result indicates that Figure 2 . The linear equation parameters and correlation coefficients are shown in Equations [5] for the alcoholic and [6] for the non-alcoholic solvents. R= -0.933 [6] As shown in Figure 2 , the carbonyl group band shifts to a lower frequency with increasing electrophilicity of the solvent. The influence of solvent polarity on the frequency shift of the carbonyl C=O group was different in the alcoholic and non-alcoholic solvents (Guttman's equation slope is lower for the alcoholic than for the non-alcoholic solvents). The different carbonyl group red shifts in the alcoholic solvents can be attributed to the formation of C=O···H-O type hydrogen bonding. The reason for the lower sensitivity of the carbonyl groups red shift in alcohols is probably due to alcohol self-association (21) through hydrogen bonding. Alcohol hydroxyl groups are involved in the hydrogen-bonded alcohol multimers, which reduces the chance for the formation of the C=O···H-O type of hydrogen bonds between the alcohol and 17-hydroxy-17α-picolyl-androst-4-en-3-one (3).
The plot of the ν(C=O) versus Kamlet-Taft solvatochromic parameters (α and π) for the five investigated ethers is shown in Figure 3 . The linear equation parameters and correlation coefficient are shown in Equations [7] and [8] . Since the Guttman's equation showed the existence of two correlations: for the alcoholic and non-alcoholic solvents, the LSER equation was applied to the alcoholic and non-alcoholic solvents separately. On the basis of the magnitudes of the parameters for the solvatochromic equation, it can be estimated that the possibility of the solvent donating hydrogen for hydrogen bonding contributes most to the shift of the carbonyl band for the alcoholic and non-alcoholic solvents. In the case of the alcoholic solvents, potential proton donors are those solvents which have α value different from zero (chloroform, methylene chloride, and acetonitrile). Hydrogen bonding between the carbonyl group of steroid compounds, and chloroform was demonstrated spectroscopically (22, 23) . Based on the value of the coefficient of the π parameter in the case of the non-alcoholic solvents, it can be concluded that polarization interactions also contribute significantly to the shift of the carbonyl band.
The solvent effect on the carbonyl group of the structurally similar methyltestosterone was also investigated (24) . In this study, different correlations for the alcoholic and nonalcoholic solvents were also found. From the comparisons of the Guttman's equation slopes, it can be seen that the carbonyl group red shift in the alcoholic solvents is more sensitive for picolyl derivate, compared to methyltestosterone. It can be assumed that the extra electron pair on the nitrogen of the picolyl substituent affect the dissociation of selfassociated alcohols and thus favors the formation of C=O···H-O hydrogen bonds.
CONCLUSION
The results given in this paper indicate that more effects have to be taken into account for 17-hydroxy-17α-picolyl-androst-4-en-3-one (3) carbonyl group shift: nonspecific interactions, hydrogen bonding and substituent effects. The influence of the hydrogen bon- ding formation ability and the solvent polarity on the frequency shift of the carbonyl C=O group was found to be different in the alcoholic and non-alcoholic solvents. It was estimated that alcohol self-association affects the difference in the carbonyl group red shift stability.
